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ABSTRACT 
One of the wireless technologies available that are expanding very fast is the RFID 
technology. There are three (3) different types such as active, passive and semi-active 
RFID tag. The main concern is that the tag consumes vast amount of power due to the 
availability of sensors and internal electronic components in the circuitry of the tag. 
The goal of this project is to solve this matter by finding suitable approach for 
supplying power externally to the tag. At present RFID tag uses battery to operate and 
this battery does not last long due to low capacity. From the literature review and 
detailed research, it is found that the Thermoelectric Generator (TEG) is the best 
approach to be implemented to solve the issue. TEG is used to harvest heat energy 
from human body and convert it to electrical energy and directly supply to the tag. 
Other option such as the replacement of normal battery to rechargeable battery is also 
in consideration. This will enable a cutting cost of maintenance of the tag. It also shall 
increase the performance of the active RFID tag. 
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 This chapter will explain the background and the scope of the project which 
mainly about Radio frequency identification (RFID) and the harvesting energy by the 
Thermoelectric generator (TEG). In addition, several problems are discovered from 
the detailed research and some objectives been derived based on the problems are 
also included in this section. 
 
1.1  Background of Study 
 Radio frequency identification (RFID) is a system that operates wirelessly for 
the purpose of identification. The system transfers signal through electromagnetic 
radiation of radio frequency spectrum. This advance technology is widely use in 
industries such as commerce or financial payments, transporting and logistics, sports, 
education institution and hospital [1].  
 There are several types of RFID in the industry but most commonly used are 
the passive RFID and the active RFID. For the passive RFID no battery is needed as 
compared to the active RFID that required internal power supply. The reason for this 
is active RFID can store data and it runs continuously. Unlike the passive RFID, the 
data is only show once the reader transmits radio frequency (RF) wave to the tag. The 
RFID system consists of reader that include antenna and transceiver and RFID tag 
which also known as transponder. Active RFID is more practical as it can store data 
and longer distance of coverage if compared to passive RFID. In addition to this, less 
radiation is emitted by the reader as the tag itself can transmit the radio frequency 








 Energy harvesting is becoming a phenomenon these days. It is the process of 
converting energy from one state of energy to electrical energy. People lean towards 
to use renewable energy and free source energy to run equipment. By applying this 
process it will decrease the maintenance and operating cost. There are several sources 
of energy that can be harvested to get electricity for instance, solar energy, wind 
energy, thermal energy potential energy and kinetic energy [4]. 
 Thermal energy is more preferable to be harvested for generating electricity as 
most of the process will produce heat energy that usually is being wasted. 
Thermoelectric generator (TEG) is a device that converts heat energy to electrical 
energy based on the variances of temperature of an object. This is known as Seebeck 
effect or Peltier effect. TEG is the latest technology that is being used in for 
automotive industry, wrist watch and thermocouples. The process of producing 
electricity is when the TEG detects changes in temperature of an object and the 
charge start to move and induce some voltage. This is best applying to human body as 
our body is continuously produce heat even when we are sleeping. With the 
differences in temperature of body and the surrounding this will induce small voltage 
that can operate low power electric circuit [12].  
 
1.2  Problem Statements 
 Battery is required for active RFID in order for data storage and continuous 
operation, so it have some downsides which are: 
 High degradation of battery due to sensors that consume high power. 
 Low RFID coverage due to low battery powered. 
 Interruption of data collection due to battery drainage. 












 The objectives for this project are: 
 To improve the power supply for the tag by implementing TEG as source of 
supply.  
 To reduce the power consumption of the circuit. 
 To compare with existing RFID tag that uses Lithium battery as power source 
in term of performance, cost and reliability. 
 To construct a self-charging circuit for the battery. 
 
1.4  Scope of Study 
 The first scope of this project includes Energy and Power Systems which 
covers the study of the type of battery that is suitable for the active RFID tag. Besides 
that, it also  involves the study of power flow for the tag and covers the concept of 
TEG and its mechanism. The second scope is the Communication System which 
includes the understanding of radio frequency characteristic, RFID and data 
transmission. This is vital to avoid conflict between the supply power and the 
transmission data. Lastly, the project  also covers the microelectronic part as the 
circuit consists of electronics component and some controller’s configuration. 
 
1.5  Feasibility of Project 
 With the best facilities that available in University Technology of 
PETRONAS (UTP), this project can possibly be done conveniently. The university 
has vast number of laboratory especially for the Electrical and Electronics field of 
study. This will provide pleasant working environment as this project is related to the 
Electrical and Electronics field. There is also electrical component store that provide 
service for student who want to find and borrow for the components. This project can 
be completed within the time frame if the well planned Gantt chart is followed. As 













 For this section, the theory of RFID and TEG are being emphasized. Further 
explanations about the working principle, design concept and applications for both 
technologies are stated. Moreover, the detailed research and literature review from 
the journal, article, books and internet are summarized in this chapter.  
2.1  RFID 
 Radio frequency identification (RFID) is a system that operates wirelessly via 
radio frequency spectrum. The purpose of the system is for monitoring or identifying 
tagged people or object [1][5]. The data transmission of RFID is by detecting the 
unique serial number of tag or label which each tag has its own ID [2]. There are two 
main components of RFID system which is the transceiver or the reader and the 
transponder which is the label or the tag. RFID system is classified into two types that 
commonly use, which is active RFID and passive RFID. Both type operate identical 

















2.1.1  Passive RFID 
 Passive RFID does not required internal power supply. This means that no 
battery is required to power up the tag. Basically the tag is built with radio frequency 
(RF) circuit that harvest RF signal transmitted by reader for power supply and data 
identification. As the tag is passive, the range of transmitting data is low. In addition, 
the tag cannot store memory as no continuous supply from the reader signal. This is 
like the read only memory (ROM) principle. It shows data once the reader transmit 
RF signal to the tag [3]. 
2.1.2  Active RFID 
 An active RFID tag has internal power supply that is provided by the battery, 
the reason it is call active due to its operation. This tag can be used continuously as 
long as the battery keeps on supplying power. The range of coverage is about 100 
meter or more. This is because the tag transmits its own RF signal. The active tag 
comes with memory storage that can be read or write (RW). For more advance tag, it 
is equipped with various type of sensor based on the applications. Besides, active tag 




















2.2  Thermoelectric Generator (TEG) 
 Thermoelectric generator is a device that harvest heat energy and convert it to 
electrical energy. Voltage is induced as the temperature of an object changes or in the 
order words the device produce electrical power from the heat flow across 
temperature gradient. [4] This process is known as Seebeck effect or Peltier effect. 
The process is direct which means the heat that flow from hot junction to cold 
junction will create a slight voltage due to different type of material used. TEG is 
built with tiny positive type element (p-type) and negative type element (n-type) 
sensitive to heat. With presence of heat, charged is move from p-type to n-type and 
















2.2.1  Seebeck effect 
 Two metal that is connected together and have different temperature will 
induce electromotive force (EMF) that known as Seebeck effect [7]. The metal 
should be high electrical conductivity and from different material. This TEG also can 
be used as cooling element too.  
 The Seebeck effect is the process where we convert heat energy is converted 
to electrical energy whereas Peltier effect is converting electrical energy to heat 
energy. Human body can generate power by using this concept. This concept had 
been applied for various purposes such as thermoelectric generator and 
thermocouples. Further studies of Seebeck effect lead to the concept of thermo power 
which states that the amount of voltage produce is proportional to the temperature 
gradient. 
  
2.2.2  Peltier effect 
 Peltier effect is the opposite of the Seebeck effect which it converts electrical 
energy to the heat energy. When two metals are connected together and voltage is 
applied to both junctions, heat will produce. The upper side will create heat but the 
bottom part will absorb heat and act as cold junction. This concept is implementing 
for the cooling process of refrigerator. Basically this is the reverse process of Seebeck 
effect. 
 
2.2.3  Temperature and Voltage Relationship 
 Every living thing in this world creates heat energy from their body. The heat 
energy produced is measured by degree of hotness or coldness which is known as 
temperature. Normal human body temperature is about 37°C whereas room 
temperature is about 26°C. This will create a temperature difference of 11°C. As this 








Figure 4: Cross sectional view of TEG [7] 
 
 As refer to the Figure 4, the human body is placed at the heat absorption side 
in order capture heat. The heat absorbed from the hot side then triggers the atom in 
the p-type element and n-type element. Then, electrons move through the both 
element and voltage is induced. The relationship of temperature and voltage is 
explained by the formula below: 
 
  V = (SB-SA)•(T2-T1)     (1) 
 
Where,   
  SA = Seebeck coefficient of material A 
  SB = Seebeck coefficient of material B 
  T1 = Temperature of material A 











2.3  Techniques and Applications 
 Several researches had been done by searching the internet, reviewing the 
journal or article and understanding the concept of previous project that been done by 
other people. From all the activities before, some information that related to the 
project are gathered and analyzed. This project is focusing on the active RFID tag and 
its power consumption. 
 Standard active RFID tag consume about 20 – 30 mA of current and it depend 
on the functionality of the tag. For instance if the tag is used to detect the temperature 
or heartbeat of a patient, sensor is required and most sensors consume high current 
due to its high accuracy of performance. This will reduce the lifespan of normal 
battery. In order to overcome the problem, some researcher had design a low powered 
active RFID tag by using several approaches [2]. 
  Some of the researchers had design a Low Power Active RFID Tag in UHF 
Band by introducing an additional co-processing digital circuit for the microcontroller 
of the tag. The Co-Processing Digital Circuit, CPLD EPM240T100 is used to control 
sleep and wake up mode of the microcontroller by allowing only legitimate data 
transfer. If real command or data coming to the tag, it will wake up the controller or 
otherwise it will remain in sleep mode. By using the CPLD EPM240T100, the active 
RFID tag consumes 20mA in active mode and 14 mA during sleep mode. Besides 
that, the tag used low powered microcontroller, MSP430F149 which consume less 
power during operation [8]. 
 Based on the paper, Design and Verification of an Ultra-Low-power Active 
RFID Tag with Multiple Power Domain, the authors design an active tag chip with 
multiple power and clock domain. The chip includes wake-up analog regulator, 
digital power manager, synchronizer and protocol processor. The chip is design to 
replace the normal active RFID tag that consumes high power and no battery saving 
mode such as sleeps and wake-up mode [9]. From both article, the authors tend to 
reduce the power consumption of the active RFID tag by using additional device and 







 In order to solve the battery problem, some researchers had introduced an 
external power source from Thermoelectric Generator (TEG) module. Based on the 
article from Shigeru Watanabe, he uses TEG for supply power to a wrist watch. The 
normal wrist watch is redesign with additional TEG is introduced. The author used 
the original case of the watch as housing as it is made of metal case. TEG is mounted 
at the bottom part of the watch in order to harvest heat from human body. Both end of 
TEG are connected to the node of battery connectors. The material of TEG for this 
paper is Bismuth Tellurium (BiTe) and can generate 2mV/K and specific resistance is 
about 1.2 x 10
-5
 ohm. The size of TEG used is about 25mm x 35mm which fit to the 
bottom casing of the watch. Lastly, the article shows that TEG module is used to 



























 This chapter explains about the steps and procedures that need to be taken in 
order to complete the project well. Several steps are arranged from starting the project 
until the end of it. The progress of project is pictured by the aid of flow chart model, 
Gantt chart table, and detail of procedures in order to keep the project in the right 
track. 
 






















Figure 5: Flow Chart of Procedure Identification 
 
Start 
Literature Review and Project 
Research  
(RFID, TEG, Battery and circuits) 
Selection of Approach 
(Thermoelectric Generator and Rechargeable Battery) 
Design of Circuit 
 
Assemble Circuit with RFID 
Tag 
 
Testing the Circuit 









3.2 Detail Procedure 
 
For this part, the detail of procedure is based on the flow chart that had been 
constructed before: 
 
 3.2.1 Literature review and Project Research 
 Firstly, project title is chosen by the student based on the respective 
supervisor. Then  related data is gathered from various sources such as books, 
journal, website and lecturers. This will help in better understanding about working 
principle of RFID, circuit design of TEG and suitable battery wattage. 
 
 3.2.2 Selection of Approach 
 After gone through several article and journal, suitable power supply for 
RFID tag is  identify. For this section, TEG is selected to power up and recharge 
the battery of the tag. Rechargeable battery rating of 3 Volt and high wattage is 
selected to replace the current battery. 
 
 3.2.3 Design of Circuit 
 An electrical circuit is design to recharge the battery of the tag by using TEG. 
This circuit design also covers the voltage and current booster as TEG induce 
moderate amount of voltage. 
 
 3.2.4 Assemble Circuit with RFID Tag 
 This is the process when the electrical circuit is connected to the RFID tag 
circuit. The supply power of the electrical circuit should be enough to supply the load 
(RFID tag). 
 
 3.2.5 Testing the Circuit 
 After assembling the electrical circuit with the tag is done, it is tested by 
attach the TEG to human body. The reason is to get more accurate result for data 








      The tools that been used for this project is divided into two categories which is 
hardware tools and the software tools. 
 
  
Table 1: Tools for the project 
Hardware Software 
Electrical tools Multisim 11.0 
Thermoelectric generator (TEG)  




3.4 Gantt Chart 













 RESULTS AND DISCUSSION 
 
 In order to assemble the TEG module with RFID tag, a circuit design is 
proposed and being tested by simulation. The circuit is design to operate the TEG 
module as external power source of active RFID tag and simulation of it is done by 
Multisim 11.0 software to obtain the results. After the simulation process, the circuit 
is developed and test at the laboratory. The circuit development process is 
continuously done until the desired result is achieved. 
 
4.1 Circuit Design 
 Several designs are proposed for the TEG electrical circuit. For the first stage 
of circuit design, two TEGs are being used for supplying and charging of the tag. The 



















 Further research and simulation had been made from the previous circuit. It is 
found that the circuit can be simplified and improved. The other simplified circuit is 
shown as in the figure 7. The TEG is connected to the inductor coil and four unit of 





















4.2 Model Development 
Based on the proposed design of figure 6, a circuit is developed to test the 
connection and the power flow of circuit. Basically, this circuit is divided into two 
parts which the first part is the source of power supply and the second part is the 
rechargeable circuit. For power supply part, this circuit used TEG1, voltage booster 
and 3V rechargeable battery whereas the rechargeable part used TEG2 to charge the 








The circuit requires a voltage booster as TEG harvest small amount of energy 
and this will be further increased by the booster in order to power up the tag and to 
recharge the battery. The booster circuit includes the autotransformer (inductor coil), 















Figure 8: Circuit model 
 
As refer to figure above, two 1.5V batteries are connected in series to produce 
a 3V supply. The real active RFID tag is quite expensive and to prevent the tag from 
damage, LED is used to replace the tag as the current and voltage rating is slightly 
similar to the real tag. The 1.5V battery is used to prove the effectiveness of the 
voltage booster as it will step up the voltage output and light up the LED. It also 
represents the TEG module as the value of voltage supply from the TEG is slightly 
the same. There are several diodes use in this circuit such as Schottky Diode and 
High-speed Diode, 1N5711 and 1N916 respectively. Both diodes are used for 









After several testing and further research, the circuit is then simplified to be 
supply only. TEG is used to directly supply to tag. As refer to figure 9, TEG is 
connected to the 1000uF capacitor and the inductor coil. The inductor coil use in the 
circuit is to boost up the input voltage from TEG which is about 100mV. The step up 
ratio depends on the number of turns on the primary and secondary coil. The greater 
number of turns of secondary coil, the greater the voltage produced.  
 
Besides that, the size of copper wire also affects the output voltage of the 
circuit. There are several size of enamel wire used in the circuit development such as 
18AWG, 20 AWG and 32AWG. Then, the inductor coil is connected to the parallel 
N-channel amplifiers, BF245C which to stabilize and amplify the output voltage. The 
1N4148 is connected to both components in order to make the voltage flow in 
forward bias and on the other hand to protect the TEG which sensitive of reverse bias 

























 The TEG has two parts which are hot and cold region. The hot region is 
attached to human body as to capture heat. Whereas the cold region is place to heat 
sink as the reference to room temperature. The normal temperature for human is 37°C 
and room temperature is 25°C which create a gradient of 12°C. With this temperature 
gradient, it can produce output voltage of 135mV. 
 
4.3 Results and Discussion 
 With the aid of Multisim 11.0 software the proposed design is simulated for 
several times. The circuits are then tested at the laboratory in order to check if any 
faulty and further improvement. The results from first stage design and the simplified 


































 Figure 11: Simulation of circuit (no voltage produce by TEG) 
 
 As refer to figure 10, during simulation the TEG is set to produce about 4V. 
This is to observe the flow of current in the circuit as TEG produce supply. LED is 
light up by the TEG1 whereas TEG2 is recharged the battery. For the simulation in 
figure 11, both TEGs are set to be zero in order to determine the flow of current 
produce by battery. Unfortunately the circuit had minor problem as no light is 
produced by LED. This shows that no current flow through the LED. With some 
changes in the value of the components and the connection, a circuit is developed and 



























Figure 12: Circuit Testing (a) supply of 3V battery and (b) supply from 1.5V battery 
(TEG1) 
 
 From the Figure 12(a), the circuit is tested with normal supply from 3V 
battery. The LED light up as the voltage supply is directly power up the LED with 
optimal value. This shows the supply part is working. The real active RFID tag 
requires 3V supply in order to operate efficiently. As for Figure 12(b), the voltage 
booster is tested. A 1.5V dry cell is used in this experiment as represent the TEG1 
and the LED lights up as the same brightness as circuit in Figure 12(a). The voltage 
output at the LED is measured about 2.7V and 2.2V respectively and the measured 
current is about 25mA. The circuit is then connected with both supplies as shown in 
Figure 11. The voltage is boost up until 2.2V whereas the real active RFID tag 
requires about 3V supply.  
 
 Further improvement of circuit is done by simplified it as shown in figure 9. 
Before the circuit is test at the laboratory, it is simulate using Multisim software. The 
input voltage from TEG is set to minimum value of 50mV. The input and output of 
the circuit is measured by using voltmeter and ammeter as shown in Figure 13. The 













Table 4: Simulation result of simplified circuit 
Parameter Voltage,V Current,A 
Input 0.050 14.236 













Figure 13: Simulation of simplified circuit with voltmeter and ammeter 
 
 
 From the simulation result the voltage is step up from 50mV to 3.893V but 
the current is decreased as stated by the Ohm’s law, increasing the voltage will 
decrease the current. The circuit is then develops and test at the laboratory. The 






















Figure 14: Simplified circuit testing with different inductor coil configuration 
 
 The TEG that being used during testing process is Laird PH05 series and the 
specification can be referred at the appendices section. The process of testing is done 
by varying the configuration of inductor coil by using different size of enamel copper 
wire which are 18AWG, 20AWG and 32AWG and altering the turn ratio of the coil. 
Besides that, the number of BF245C is reduced to one due to high power 
consumption. The input from TEG is about 150mV and it is been connected to the 
input circuit to boost up the voltage. After several testing the minimum voltage used 
for the input is about 1V in order to boost up the voltage to desired output of 3V. As 
1V is injected to the input, the output voltage is boost up to 3.5V with the inductor 
















 Further testing is done by varying the number of turn ratio of inductor coil 
such as 1:5, 1:8 and 1:20 and using different size of the enamel copper wire in order 
to achieve desired output. In order to increase the efficiency of the circuit N-channel 
amplifiers, BF245C is replaced by the 2SD1302 which has collector to emitter 
saturation voltage, VCE (sat) of 0.13V. As compared to BF245C, it required 1V input 
voltage in order to operate. By using 2SD1302, only small voltage input is required 
for the circuit to operate. This suited well with TEG as its average output voltage is 
150mV. The voltage output from TEG varies with the temperature gradient of the 
body. During the testing process, the TEG module is placed at three different location 
of body such as finger, hand palm and wrist. From the observation, it shows that the 
best place to put the TEG module is at the wrist as it has high temperature gradient to 
harvest heat energy. This shows in the Figure 16 as maximum output voltage produce 













Table 5: Voltage and current output from different inductor coil configuration 
Turn ratio Voltage input, mV Voltage output, V Current, mA LED 
1:3 150 3.3 20 On 
1:8 150 3.5 2.0 Off 
1:20 150 6.5 1.5 Off 
 
  
 Table 5 shows the result for the testing of the circuit when different number of 
turn ratio of inductor coil is used. The output voltage and current of the circuit 
depends on the voltage input from TEG and the value of turn ratio inductor coil as the 
low voltage from TEG is then boost up by the inductor coil. The highest voltage 
output is achieved when using the 1:20 turn ratio of inductor coil but the LED is not 
light up as the value of current is too small.  
 
 Although the voltage is 6.5V, the current is only 1.5mA whereas the 
minimum current required to light up bright blue LED is about 18mA to 20mA. This 
situation is the similar when using the 1:8 turn ratio of inductor coil. As the number 
of turns for secondary windings of the coil is high, the voltage produce is also high 
but the current is low as stated by the Ohm’s law. The suitable inductor coil to be 
used is the 1:3 turn ratio configurations as it can boost the voltage from 150mV to 









Figure 17: Bright blue LED light up as the voltage and current is sufficient 
 
 Theoretically, with 3.3V of voltage and 20mA of current from the circuit, it 
can be used to supply for normal active RFID tag that consume 3V and 20mA of 
voltage and current respectively [8]. For complex design of RFID tag that consumes 
high power, the circuit could not supply enough power and this will reduce the 
efficiency of the tag. During the early stage of testing process, the circuit is mounted 
on the bread board in order to ease the improvement of the circuit. After being tested 
for many times the circuit then is implemented on the Vera board. The circuit that 
used inductor coil of 1:3 turns ratio is assembled on the Vera board and place in the 





















 CONCLUSIONS AND RECOMMENDATIONS 
 
5.1 Conclusions 
 After testing the circuit by simulation and experiment, the circuit can operate 
with low input voltage from TEG. Several improvements are done by changing the 
transistor and the coil configuration in order to increase the efficiency of the circuit. 
The circuit is working well when using 1:3 coil configuration and 2SD1302. The 
bright blue LED is light up and it shows the TEG module can be used as power 
supply for small power device that consume current of 20mA and voltage of 3V. As 
conclusions, this project has vast potential to be commercialise as it can be replaced 
the battery as source of supply. Besides that, it is a free energy as the electrical energy 
produce is being harvest from heat of human body. This is definitely meet the 
objective of the project.  
 
 
5.2 Recommendations  
 Based on the testing and observation, the circuit can be further develop so that 
it can produce high current and power up device that require large power to operate. 
This can be done by using high efficiency of TEG module that has latest technology 
that can produce higher voltage output from low range of heat gradient. Besides that, 
the electronics components could also be replaced with low power consumption so 
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